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(54) MANUFACTURE OF HIGH STRENGTH WELDED JOINT HAVING EXCELLENT CRACK 
RESISTANCE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method capable of manufacturing the high strength 
welded joint sufficiently exceeding the strength required for the welded joint and having the 
tensile strength of >950 MPa without generating cracks in the deposited metal even by pre- 
heating in lower temperature zone than the conventional one. 

SOLUTION: The butt multi-layer welding by a shielded metal arc welding method using the 
welding consumable electrode containing, by wt., >0.07% C, 3.0-4.0% Ni, 0.030-0.050% O and 0.6- 
0.9% carbon equivalent in the chemical composition of the deposited metal is applied to the 
steel having hardness of 310-360 HV and composing of, by wt., 0.07-0.16% C, <0.20% Si, 0.60- 
1.20% Mn, <0.5% Cu, 1.0-3.0% Ni, 0.30-1.20% Cr, 0.30-0.80% Mo, 0.01-0.1% V, 0.005-0.03% Nb, 
0.015-0.10% Al. 0.0005-0.0020% B, <0.010% P, <0.005% S, <0.005% N. and substantially the 
balance Fe, under the condition of >15 KJ/cm to <35 KJ/cm in inputting quantity of heat, > 
75° C to <120° C in pre-heating temperature and >100° C to <250° C in temperature 
between paths, whereby the joined part is formed with the deposited metal of 290-340 HV in 
hardness. 
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(54) KSffi»] K*ItH4fcfiinfci«3ia[^ffiiBl^eDfm35rfe 



(57) [KM] 

[flSi&^K] C : 0.07— 0.16wt3*. Si : 0.20wt%JW 
T,l»i:0.60— 1.20vrt% ,Cu:0.5 vrt%WT,Ni :1.0 —3.0 
wt% ,Cr:0.30— 1.20wt%. Mo:0.30 — 0.80wt% , V : 0. 
01—0.1 wtS4, Nb:0.005— 0.03wt%,Al :0.015 — O.lOwt 
96, B : 0.0005— 0.0020wtS*, P :0.010wrt%feTF. S : 
0.005 wt^felTfccfctfN : 0,005 wt^TSr^SISfltf 
HgffjKFerti'a&.S. gg£#310 —360 WfiDfflttte., jg 
m&ffiOlt^mfit&C : 0.07Wt%fe(T. Ni : 3.0 -4.0 
wt%fc<fct>'0: 0.030- O.OSOwt^^Mp-^gSg^S* 1 

o.6 -o.9 vAxttezimtrnzm^tc^ mir-?® 

£i£KJ:3^t£fcH*©^JIJg A&fi : l5kJ 
/on!^±35IO/cmfcnF\ : 75'Cfe*_Ll20 'C*$l 

fci^N-^fffljas moo -c«±25o •ctiTo^tcrig 

U Ig3#290 -340HV <DS#^-C«^gI5*^-r 
4. 



1 

[*N*fi!3fc©SBffi] 

[ffl#5 1 ] C : 0.07— 0.16wt%, Si : 0.20wt%JW 
T,Mn:0.60— 1.20wt% ,Cu:0.5 wt%J^T,Ni :1.0 —3.0 
wt%,Cr:0.3O— 1.20vrt%. Mo:0.30 — 0.80wt% , V : 0. 
01— 0.1 wt%. Nb:0.005— 0.03wt%,A"l:0.015 — O.lOvrt 
%. B : 0.0005— 0.0020wt%, P :0.010wtS*feTF, S: 
0.005 wt%«TfcJ:c>*N : o.oos wt56JKT***3SBB* 

^Sfft&CFe# «3#310 -360 HVO^tt«:> 

#&JS©ft5 t illJiR#C : 0.07Wt%JWT, Ni : 3.0 -4.0 
wt%*s<J:o'0 :0.030— 0.050^5r$##oTfeST5£ 
SSttSCeq #0.6 -0.9 wt% 4 
fc. &ST-^&ffiK:«fc£^#^;btf©^ll&*)?gJg 
A$tS : 15k3/cmt(±35k3/an(i(T. ^^SS : 75 

•m±i2o •Gmtoxwixmrnx. ■■ 100 -ctu^so-c 

WT©^F&CTJ§U S!;* #290 — 340W ©*§«:&)!-? 

m. 

13 

Ceq=C + Mi/6 + (Cr+ Mo+V)/5 + (Ni + Cu) 
/15 

CW^2 ] C : 0.07— 0.16wt%. Si : 0.20wt%Ji( 
T.,Mn:0.60— 1.20wt% ,Cu:0.5 wt^JiTF.Ni :1.0 —3.0 
wt% ,Cr:0.30— 1.20wt%. Mo:0.30 — 0.80wt% , V : 0. 
01—0.1 wt%. Nb:0.005— 0.03wt%,Al :0.015 — O.lOvrt 
%, B : 0.0005— 0.0020vrt5-6, P :0.010wt%tTF, S : 
o.oos wt%JMTfcJ:C>*N : o.oos wt%«T£§#g|S5# 
HW#J«:Fe#e>£t&> g|3#310 —360 HVCDSMvtK, ?g 
m&m<DlV£mi&ifiC I 0.07Wt%JiaF, Ni : 3.0 -4.0 
wt%*?J;O*0 :0.020— 0.040wt%€r^^#oTseitC-S 

n^n^ceq #0.8 —1.2 wts^trsi^mttmm^ 

&fi : l5kJ/cmW±30IO/cmWT. : 75'C«± 

120 'C#iffiisJ:V'-iZ.fgm&: 100 *C«±250 "CJWT© 

*frKxifcu ®?#29o ~34ohv oigm&m-cm&m 
e 

Ceq=C+ Mn /6 + (Cr+ Mo + V) /5 + (Ni + Cu) 
/15 

[IM8S3 ] C : 0.07— 0.16wt%, Si : 0.20wt%jy 
T,Mn:0.60— 1.20«rt% ,Cu:0.5 wt%JiTF.Ni :1.0 —3.0 
wt%,Cr:0.30— 1.20wt%. Mo:0.30 — 0.80wt5^, V : 0. 
01— 0.1*rt%, Nb:0.005— 0.03wt%,Al :0.015 — O.lOwt 
%, B : 0.0005— 0.0020wt%, P rO.OlOwtS^JWT, S: 
0.005 wt%WTfcJ:0'N : 0.005 wt%£JT*£#gl8&# 

H©ffJiCFe#6&&. SIS #310 —360 HV©8M5f{C. ?g 
#£Jg©fb3*ififi£#C : 0.0Avt56fe(T. Ni : 3.0 -4.0 
wt%*J<fcO'O:0.015— 0.035wt%£$<^#OTiE5£-C3£ 
ItSftSCeq #0.9 -1.2 wt% 4 &S&lg#*4£flit> 

fc. I^v-i^r- *^s*£fctf©£Jl& 
OSSS*. AJ^JI : 25kJ/cnfel±55IO/cniWT. 



y$m¥- 1 0-2 63 8 1 7 
2 

S : 75"C«±120 °C*^*J .fcCXA^iaaS : 150 "CJSLb 
300 *CJJ(T©^ ! FK:TJ6U IS? #290 — 340HV ©*§» 

IB 

Ceq=C+ Mi/6 + (Cr+ Mo +V) /5 + (Ni + Cu) 
/15 

[IS*14] »5j?Jll. 2 J: J>' 3 tcfc t,>T» 
fi# 75'C«±lOO 'CtlTt & 5 *SBHfkDfl*#i*. 

[000 1 ] 

i%m<Dm?z>%mftm comb. MtH-itttcftti 

[0002] 

S{fc#«fcf)-®iEi$nr(,»5. — m&m<D*mih 

z&mux, ■e©e«^t#06tiri,^ <> its 
55*»«*ffiffi-r -s c & tc «t ixm&wxDmmit&mm 

4. 

[0 003] L>#L. C©«©i«5g+j|B«tt. i?r5£©& 
Sfccfctfl814£f#6©K:^ < ©^^S^-#^W3 nr t> 

Sfci*. &gtttt*+#-C$>5„ 4< {C980MP3IK&C&3 

4&^©ffiT#ga«-c&i) t ^SJc5fe3i-,ri20 

±©^**t ->xmm£m<Dmtizm±-? -5 c i #^pi 

6 > ^gjsxn ^ h (omjaz H2<ct #ra®(c &,t 

[0004] ccfc. ^«^JS©Wfdntt*5S:#$-i±s 
«:»*. & i &&<Dmmttft%:m^xm&*ft ^cti^mn 

r*6#. c©i&&. ^St^gp#i!cMK:^s/ci!if). 81 
#©«if!^I^SS ?:«J5© 5 fSW±(C L/* tftltt. 

4 -r s^s^st^-c # % i > c t #*a e nr t, . 
ffiot, «ifi^isjss#«J¥©5fs*«©ii#-c(i > m 

950MPaW±©?SS«ff e.Wl>Ciit%IJ, 

3BW«^ffi-Ctt«cl». «t#?as#??sjs$n^ < fc^ 

&m*~&-&&&l$,< l c LtcK) . femtkft (AS^*$J:i>V^ 
^©^^^©/cJ?)^. 120 •CtLh©-?^#'itS{c«c 

[0005] ^-rtucLx-b. ns%s&<Dm£M^z, m 
^jstegj^^ufc^j^tett^-f stcra:. 120 -c 

^(DMWft&Zir 5 c 4 j&Sj^t?* *} . 3 x h ©tfJn 
(*i!WSC4#r#Aj:* 1 -,fc < , -e-c-c. C©^«. ^ 



(3) 



wo^mx. j: r> x^mm^m^ntufi^t & c <t & l 

[0 00 6] 

[i$®*a?ifctsfc«D©£g] iMnsfet*. vcmtm, 

x*lKJ:^Tfe&#:£Ji{cSm£^-rsc<!:fc<. lis 

fcic^, mm<m&. s ztcam&*m*.itmi&m 10 

Ceq= C + Mi /6+ (Cr+ Mo + 
C0 00 8 ] Sfc. C©^«. C : 0.07— 0.16wt%. 20 
Si : 0.20wt%Ji(T 1 Mn:0.60~1.20wt%,Cu:0.5 wt%& 
T,Ni:1.0 — 3.0 wt%,Cr:0.30— 1.20i>irt96. I*>:0.30 — 
0.80wt%, V : 0.01—0.1 vrt%. I4>:0.005— 0.03wt% ,A 
1:0.015 — 0.10wt26. B : 0.0005— 0.0020wt%, P :0.0 
lOwt^^T. S : 0.005 wt%JjrF*s<l:0'N : 0.005 wt% 
«T*d*«»*9E*W«:Fa&>6ai. S3#3io -36 

0 HVtDSMsNC ^#^)l©^t^ffl^*SC : 0.07wt%W 
T. Ni : 3.0 — 4.0 wt%*$J:!>*0 :0.020— 0. 040^156^ 
#*#>o_h8E3£CO T^»3tl-2>Ceq #0.8 —1.2 wt% 
£tt*»«*m*fflt»fc. sy*»®e J: 30 
<D&mmK)igt&&. Af&fi : 15kJ/cm«±30IO/cm« 
T. : 75*CJJLfc.i20 T:*»faJ:0O'CX|infiK : 

100 °C«±250 - C«T©^ffk:-CjgL/, m 3*5290 -340 

[0 00 9] 3 C©#6?JI«. C : 0.07-0. 16wt 
%. Si : 0-2Owt%JiiT,Mn:O.6O— 1.20wt% ,Cu:0. 5 wt% 
feTF,Ni:1.0 -3.0 wt%,Cr:0.30— 1.20wt%, Mo:0.30 
— 0.80«rt5S, V : 0.01— 0.1 wt%. Nb:0.005— 0.03wt 
%,A"I:0.015 — 0.10vrt%, B : 0.0005— 0.0020wt% , 40 
P :0.010wt%WT. S : 0.005 wt%JirF*J<fcD r N : 0.00 
5 wtS^T***SW#SaittlCFS&»6fc£. ^3#3i 

0 —360 HV©^1*tC. ®#£JS©{fc3Maj?£#C : 0.07Vrt 
%JWT. Ni : 3.0 —4.0 vrt^fcJctfO :0.015— 0.035wt 
J6*#**»o±eSCcO "C5£83ft.5ceq #0.9 -1.2 

KJ:*^*^to-tt©^Ji«*)««*, AMS : 25kX/an' 
ULbSSkJ/cmWT. ^JS&ag: 75"Cfe(±i20 0 C*?ffitoJ: 
CJf^^lHSflE : 150 "CJ£U:300 WTO^ttCCTJSU 

W2 #290 -340JV ©*§*&! T-Jg^SP<&7Klj£-r 5Ci 50 



*3f&3¥ 1 0-2638 1 7 
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* [0007] CCffcBJJtt, C : 0.07— 0.l6wt%, Si : 0. 
20wtS4fc(T,Mn:0.6O— 1.20wt% ,Cu:0.5 vrtZZ&CF ,Ni :1. 
0 —3.0 vrt%,Cr:0.30— 1.20wtK, Mo:0.30 — 0.80wt 

V : 0.01—0.1 wt%, Nb:0.005— 0.03vrt%,Al :0.01 
5 — 0.10wt%, B : 0.0005— 0.0020wt%, P :0.010wt% 
&CT, S : 0.005 wt%«T*J <fc O'N : 0.005 wt^T* 

^frmsMmmmiiCFefrarjiZ. gg 3*5310 -3eo w© 
•tttcc. r&m&moit^mmsc ■. o.o7wt%«T. ni : 

3.0 —4.0 wt^fc«fc!>'0: 0.030— 0.050wrt%£^<&#o 
TfE^(l) T?S*t3ft£Ceq #0.6 —0.9 vrt^ifeS^ 

0-mm*)®l&*:> AiiS : 15k3/anW±35k3/cmti{T. 
TJRfilS ': 75*C«±120 °C*^*s<fcO*^-^raaS : 100 
•CJy±250-CJWT©^mCT*6L/. S3#290 -340HV 

V) /5+ (Ni + Cu) /15 (1) 

[0010] 

C : 0.07— 0.16wt% 

i6wt%^fi^.5 <bissffifitmiBStt#nif < ^c-5^©ra 

jg^D-SO-C^ Cfi«o.07— 0.l6wt%©«SHtcK5gL- 

[0 0 1 1 ] Si : 0.20wt%«T 
Si«> ^©UiK*Jj:u t ^5i«©fcst>K:Wffl>j:7c^-c& 

0.20wt%^^.-CSSJn3n^<!:St^-7^7 u >1f^ 

SP©«Btt*s^ft-rs©-e. Sii«o.20wi^fe(T{cKSL 

[ 0 0 1 2 ] 1*1 : 0.60— 1.2Qvt% 
Mi«. M0IUklc*4-*-*KI*'C&<. ^At4^fil«-r 

«*®»a«»*ecZL<. — *i.20wt«*aA*i*i» 

tt*J J:C«StWBtt©3&{t*}i< ©T*. MrtS«0.6O~1.20 
wt% ©®ffl (C PK3£ b /c „ 

[ 0 0 1 3 ] Cu : 0.5 wt%WT 

[0014] Ni : l.o —3.0 vrt% 
Ni« v ^An^©*^e-r®aii?tt©^#M:WS!)K:SF# 



(4) 

5 

FT^T-fC^SOT, Nittt 1.0-3.0wt%©«! 
[00 1 5] Cr: 0.30— 1.20wt% 

< , -xi.2o*t%zmz.2> t««tt©*itt 6-rmt#i4 

O&lk&fg < ©r. crfitio.30— i.20wt26©ffiHk:|sg^ 
Ore. 10 

[0 0 1 6 ] Mo: 0.30— 0.80wt% 

WS*«o. 30wt%*«r«-e©^»n^K:^ < . — 2ro. 

«0.03— 0.80wtS6©SSBK:KB/g brc 
[0017] V: 0.01—0.1 wt% 

v». ^©SiSr6j±K:*r2SM:^T&**. ^*rfi**o.oi 

vrt%K:?Sfc^t,>i-€-©^a]^(CSO< . — fj 0.1wt% 

*M^.s<!:e«iioi4©*^6-rssi4^*b<mTs 20 

©r, vs«o.oi~o.i wt%©ffiHk:p^L/c 0 

[ 0 0 1 8 3 Nb : 0.005 — 0.03wt56 
W HS^Jffl&a-r^WfflTC^f*-?.*^ 0.005 

YrtKmsT&frzsftffiBiimmimbti-r. -#0.03 

vrt^^fi^Si^Jltl^a^^n-S©^?^ NbMtt 0.005 
— 0 . 30Yt% ©ffiffl GC 0 fc, 

[ 0 0 1 9 3 AT : 0.015 — 0.10wt% 
Altt. J&&#J<fcL,TW/rc*i3. «©/caDic«4>&< t 30 

o.oi5wt%*£>gi-r-5>*^ ^rS#o.iowt%£ffi;t 
6i7AS o ri9S©^ 

ft ; £r^<©r. A1S# 0.015— 0.10wt%©SSffl&CKSl, 

[0020] B : 0.0005— 0.0020wt% 

^©sstti-c^Att^rsi-hs-a-. wzammn 
fi*so.ooo5wt%*?ffir«-?-©^fln^i!jm«:2b < —#0.00 

20wt%*e^-5x!:-?-©^ttlSfaK:^-r-2.©-C 1 Bfitt 
0. 0005— 0. 0020wt%©ffiB«:|Sg^bfc. 40 
[0 0 2 1 ] P : 0.010 wt^fcTF 
P«. ^©«il^L/Mtt*ffijt3-«±. 1514*^k$-a--5.© 
T\ ^{S^-St £#S*L<,>#. ^ffi* 5 O.OlOvrt 
%Ji(T-C*tilif)FSt?*€)©-C. PStt O.OlOwt^UTF 
CCRg^OA:. 

[0 02 2] S : 0.005 wt%«T 
S« v ^fCCWnS©^SS-CfffiE-r^i. EStCio-CM 

bTtW4©*0<,^t£*3<©-C\ ^{giSTS C t1fi 

»slc^. $#s*5 o.oos^OT-c&ntf^sn 50 



#08^ 1 0-2 63 8 1 7 
6 

[002 3] N : 0.005 wt%«T 

*L<. 4t«:N£0.005 wt%jyT(CT-S<i:^«CAl?r 0.0 
i5~o.iowt5atsl3S£L,r^fttf> @igB©j&A14[£jJb8i 
*KJ:or«MlW«:»*!f©atflE-- 8gi4#ft±-r£©-C, 
Nfi«0.005 wt^tTRcPI^Lfc. 
[0 0 2 4] IBtftt. ISMM©lS5S^CCjaffl3 

nsi^^-c**. its^^An^#ML^. ffinM 

&£Aft&£Ml<&*£^«i&g9£L&#Att8s#Rl/ 

s©^-rntc*jt,»rfeS{@pjti-c*s. rtttoft. ±ie 
©^^aeEffiH^cee 5«^7 7-©^EB^«=5r«?as -c 

iJW©SE 3^*310— 360HV CCTSCiCCfc-^r. & 

n/c&s. wtt*j:#i«wfit3:a*»&*i-&. 

^3*5310HV *«©JS^tt^^FJ£i 0 3fS©«|#® 
&#f#6ftftt>. 360W £C;l&*§^«. Wfflft 

[0025]Jfc. C ©^Wftt, ?§»£JS©{fc3MSJ& 
SST-i^g&fCcfc C : 0.07wt34JJl 

T. Ni : 3.0 —4.0 wt%*$«ti>'0 :0.020— 0.040wt5^?r 
^#>-3±IBL/c5£(l) "CSHStlSCeq #0.6 -0.9 
wt%<tfr£jg&1#|sk S^^iSfCirSti^l*. C : 0. 
07wt%feJT\ Ni : 3.0 — 4.0 wt^&cttfO :0.030— 0.0 
50wt%£^rt>o_hlELfc5£<:i) -C^*3nSCeq #0. 

8 ~i.2 wt%£izzmmttn. *l-cu-7-?-v>t-# 

^ffi(C«tS*B^«. C : 0.07wt%feTF\ Ni : 3.0 -4. 
0 vrt^&J^O :0.015— 0.035wt% ; Sr^^o±f5trc 
5£C1) fS«$n-5Ceq #0.9 —1.2 wt9$<!:&SigS£tt 
ft, ^^nfnfflt,^. &S^JS©lb^iil/&£|!g 

[0 0 2 6 ] C : 0.07Wt%«T 
C«. Wgd*i1£©t&£>6SflFE;*n. -&©#W«*so.07 
wtS^Cpt&i. ®#^JS©S(in?rIljS-r^fc&(C. ^ 
I^SS?rl20 *CJgU:tCU«c»tiaa:6ttC^l«>. o.o?wt 

[00 27] Ni : 3.0 —4.0 vrt% 

Niw. ?§»^ji©S!intt*i«ta f i5tt?:fii«-r-s/c«)(ca 

iES^S-C* 0.3.0 vrt%*?®-C«lltt©«t«^ES 
■C*0. — ^4.0 v^£C*££&Att14#«4i8tt:£|< 

^corwun^^-r-s/ciie). Ni©gsft]SW3.o — 4.0 wt 

[0028] 

0:0.030- 0.050wt% (tSST-i'^ffi) 

O :0.020— 0.040wt% ( 5 y^gJia) 

0:0.015— 0.035wt% (*)-~f~?—V>T -~Z>ifc s s&£) 



[0029] ±l2bfc3£Cl) -cm&ZlnZCeq £«3rl|f 
S©«, ±IBfflJj£ffiB£$tJSL,ft#6. m!£.<mm.te£ 

f#6*ift< ft£„ 
[0 03 0 ] CCr. 290 - 340 HV 

ttZ'SmtMb*. ftifft6 . 290Hv*jircB. 

«©«itt#«jesnftc>. 
[0031] c<o»w«:*jt»r 

fiSS : 75*CfcLLl20 'C*iiS 

0 "CJ£U:t*i2*-C*ofe*». C©»Ht?tt. *§#3J!©* 



(5) ttfflW- 1 0-2 63 8 1 7 

8 

10 0 -CfcJT. iWJU «80'CJW TKT -2. C t 
[0 03 2] A;*fffliB£ : 100 °CJW±250 'CJilT 

'■wiBfittt*. ?&«:&«©®2©ffiB£Efee-r.5mg& 

io gfSgo^tt^JSrtft^. -Tftto^. ;<*R8fia&&*io 
o •C*»Ctt. &lgfg©^ilKig#*#< ft-,T®3*i 

Jl©«Q1*fe©JI«#B^tCft£. AXfig?Sg#250 

•c^cisi, ^s^©^iia*5ii<ftf3. 
em&ftmmic ft s . i t> w ^gM©_LRg£ 100 

[0033] 



Af&S : 15k3/cm£±35kJ/cmWT (tt«T-f 
15kj/citiW±30k3/onWT '( 5 

25kJ/cmW±55k3/cmiyT (t^7-y7- ) 



#±Rgffi* c * -*> £ , m&ik<D# i m : &&t)m < ft r . 

«!*5fiS©SgfiB3&SBSt(cftS. AllW*»TRtt* 
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